Abstract: This study aimed to examine the status of time spent working and sleeping by resident doctors before the introduction of the New Training System for Residents in Japan. A timebudget survey was conducted over a 4-wk period on 102 residents at the Shiga University of Medical Science Hospital, and the response rate among residents was 76% of a total of 2,722 person-days. The average number of hours spent sleeping was the lowest and spent in the hospital including commuting time was the highest in residents of the surgery department, at 4.4 h and 18.9 h, respectively. Forty percent of residents reported dozing off at work, with the incidence rate being highest in residents of the surgery department (0.7 times/person-day). Dozing appeared to occur in response to the lack of sleep and fatigue, since the same residents slept longer on nights before days they reported not dozing off than on nights before days when they did doze off. Strong correlations were observed between the number of sleeping and working hours and between working hours and the number of patients in a resident's care. In order to maintain high standards of training and to get sufficient sleep it is therefore necessary for residents to manage their work and the number of patients in their care.
Introduction
The work of residents at university hospitals in Japan includes many tasks that are unrelated to clinical training, and as a result residents spend long hours in the hospital. However, a New Training System for Residents based on the Medical Act 1) was begun in April 2004. At the start of the new system, it was confirmed through Diet debate that while residents are learners, they are also laborers. Thus, the working hours of residents are limited by the Labor Standards Law 2) . In other countries or regions, working hours for residents were limited to 59 h/wk in Ireland in 1980, 173 h/month in France in 1983, 80 h/wk in New York state in 1989, 72 h/wk in England in 1991, 80 h/wk in the entire United States in 2003, and 58 h/wk in all European Union member countries starting in 2004 [3] [4] [5] [6] .
The impetus for introducing restrictions on the working hours of residents in the United States was the occurrence of medical accidents resulting from overfatigue of residents 7) , and a key aim of these restrictions was to protect the safety of patients from residents suffering lack of sleep and overfatigue 8, 9) . Without question, safer medical care and improved doctor QOL can be expected by limiting working hours for residents 5, 6) . However, debate continues on limits to resident working hours in terms of reduced time for clinical training and limiting the workforce of residents in hospitals 10) . In setting limits to residents' working hours, the Accreditation Council for Graduate Medical Education (ACGME) in the United States has indicated the importance of a balance between eliminating lack of sleep, which reduces work efficiency of residents, and ensuring time for necessary patient care by residents. In Japan, one of the reasons for the introduction of limits to working hours for residents was the problem of extreme overworking of residents, rather than attempts to assure effective training or maintain the safety of medical care from over fatigue and lack of sleep among residents. Guaranteeing an appropriate amount of sleep among residents is necessary to achieve safe medical care, ensure the health of residents, and have effective clinical training. We conducted a time-budget survey of work and sleep by residents before the introduction of the New Training System for Residents, and previously reported our findings on the work and sleep situation and sleeping environment 11) . In the present study, we investigated the effect of sleeping hours on dozing behavior of residents before the introduction of the New Training System for Residents.
Methods

Subjects
All 102 residents, excluding dentists, who were working at Shiga University of Medical Science Hospital (University Hospital) as of September 2002 participated in this study. Prior to the study, approval was received from the Physician Training Committee, and an explanation of the study aims, content, and protection of private information was given to the residents and their consent was obtained.
Survey content and methods
A time-budget survey and a questionnaire were conducted The questionnaire included items on sex, age, year of residency, hospital department to which the resident belonged, total number of patients under the resident's care during the survey period.
The 24 h of one day were divided into 15-min blocks, and the subjects indicated sleeping time, "dozing" time, the time they left home, the time they returned home by check in the blocks. It was explained to subjects before they filled in the survey form that the definition of "dozing" was "falling asleep without the intention to sleep."
The survey forms were directly distributed to and collected from the residents by university students who were working for the survey. If any problems with the responses were detected at the time the forms were collected, the responses were revised by the subjects on the spot. The survey period was 4 wk from September 9 until October 6, 2002.
Analysis
Working hours were defined as total hours that spent in the hospital including commuting time, with the exception of time spent sleeping or dozing in the hospital.
Sleeping hours were the total number of hours spent sleeping in a 24-h period from midnight of one day until midnight the next, but "dozing" time was not calculated in the sleeping hours.
When calculating the sleeping hours for residents in each hospital department, sleeping hours for residents who were transferred from one department to another during the survey period was calculated separately for the period in each department before and after the move, and included in the analysis.
Residents who were transferred from one department to another during the survey period were excluded from the analysis only when counting the number of patients under resident care in each department and investigating the relation between working hours and sleeping hours or number of patients a resident was responsible for.
The statistical analysis was done using SPSS 10.0J for Windows. Unpaired t-tests were conducted to compare mean values, and Pearson's correlation coefficients and partial correlation coefficients controlled for the departments to which subjects belonged were obtained in investigating the relationship between sleeping hours, number of patients under a resident's care, and working hours. The significance level in all tests was 0.05.
Results
Respondent attributes and response rate
Responses were received from a total of 102 residents, including 49 male and 16 female first-year residents, and 22 male and 15 female second-year residents. The mean age of the respondents was 26.9 yr (males 27.0, females 26.8).
Taking 1 day for 1 resident to be 1 person-day, the person-days of the survey subjects amounted to 2,856 person-days. Of the 102 residents who responded, valid responses were obtained for 2,060 person-days (valid response rate 76%) of the 2,722 person-days, excluding periods of extended time off such as for summer vacation or periods after transfer to another hospital.
Sleeping hours, working hours, and number of patients under resident care by hospital department Sleeping hours
The mean number of sleeping hours for all residents was 6.1 h (weekdays: 5.7 h, weekends/holidays: 6.8 h).
Mean sleeping hours by hospital department are shown in Table 1 . The shortest was 4.4 h of sleep in the surgery department, followed by 5.3 h in the department of gastroenterology/hematology. The longest sleeping time, 7.0 h, was in the radiology department, followed by 6.9 h in the departments of pediatrics and dermatology.
Working hours
The mean number of working hours per day for all residents was 12.9 h (weekdays: 15. By department, working hours (Table 1) were longest in the department of surgery (18.9 h), followed by the departments of gastroenterology/hematology and cardiovascular/respiratory medicine (14.7 h). The shortest working hours were in the department of radiology (9.8 h), followed by the department of anesthesiology (10.4 h). Work hours in the other departments were between 11 and 13 h.
Number of patients
The mean number of patients each resident was responsible for during the survey period (patients under resident care) was 5.2. By department, the number of patients under resident care (Table 2) was highest in the department of surgery (12.7 patients). By year of residency, the number of patients under resident care was 5.5 among first-year residents and 4.4 among second-year residents.
Dozing
Reported of dozing
Forty residents reported dozing off at least one time. Of the 2,059 person-days analyzed, 151 (7.3%) included at least one dozing reported, and because there were instances of repeated dozing off in a single day, the total number of times reported for dozing was 276. 249 (91%) dozing were shorter than 15 min. No significant difference was seen in the number of dozing times per personday by year of residency or sex. The number of occurrence of dozing by time of day is shown in Fig. 1 . Dozing occurred more frequently in the afternoon than in the morning, with a peak between 5:00 and 6:00 p.m. *: Residents who were transferred from one department to another during the survey period were included in each department before and after the move. Reported dozing by department The number of dozing that residents reported is shown in Table 3 for each department. The department of surgery had the highest reported rate of dozing, at 0.7 times/person-day, and half of residents in this department reported dozing off. Seventy-one percent of residents in the department of ophthalmology reported dozing off, but the reported rate was 0.2 times/person-day.
Sleeping hours and occurrence of dozing Forty residents reported dozing off. A comparison was made between the mean sleeping hours on the previous days of dozing (148 person-days) and of no dozing (721 person-days) of the residents who reported dozing (Fig. 2) . Mean sleeping hours on the previous day of dozing (5.4 h, SD: 1.6) were significantly fewer than that of no dozing (6.1 h, SD: 1.7).
Relation between sleeping hours and number of patients under resident care and working hours
A negative correlation was found between sleeping hours and working hours (Fig. 3, R 2 =0 .40, p<0.001), and a positive correlation was found between working hours and number of patients in a resident's care (Fig. 4,  R 2 =0.47, p<0.001) . After controlling for hospital department, partial correlation coefficients between sleeping and working hours, and between working hours and number of patients in a resident's care were found to be -0.64 and 0.72, respectively (p<0.001). *Residents who were transferred from one department to another during the survey period were included in each department before and after the move.
Fig. 2. Sleeping hours and dozing during work.
Unpaired t-test showed a significant difference between groups (p<0.01).
Discussion
Sleeping and working hours of residents
The mean sleeping hours over 4 wk for the residents working at a national university hospital in this study were 6.1 h, and mean working hours were 12.9 h. There are very few studies on resident sleeping and working hours under the former Training System for Residents in Japan. Inaba et al. 12) inquired into the work and daily lives over one month of 27 first-year residents under the former Training System for Residents, and reported that mean sleeping hours were 5.5 h/day, and mean hours spent in the hospital were 15.4 h/day. Similar to the present results, their results indicated that the lives of residents included little sleeping time. Since the number of employees at national university hospitals is restricted by law, it may be inferred that the work patterns and sleeping hours of residents at national university hospitals are comparable. Inaba et al. 12) had residents report their break hours, waiting hours, and self-training hours, and then subtracted those hours from the total hours spent in the hospital to obtain working hours. However, they did not define break hours, waiting hours, or self-study hours. We defined working hours as total hours that spent in the hospital including commuting time, with the exception of time spent sleeping or dozing in the hospital. In the future it will be necessary to understand and assess work contents using methods such as analyzing records of resident activities made by an observer.
Sleeping and working hours for residents in each department
Looking at mean sleeping hours of residents by department, it was found that residents in 7 of the 16 departments averaged less than 6 h of sleep, and those in the surgery department averaged a very low 4.4 h. Working hours in the surgery department, where there was little sleeping time, were long at 18.9 h and most residents spent nearly all of their nights in the hospital. The long hours of training in the department of surgery is not unique to this university hospital, and such long hours are a subject of debate in the United States as well 8) . The ACGME reported in 2000 that 8% of training hospitals and training programs violated working hours regulations, and listed the departments with high rates of violation 13) . The departments with the highest rates of violation were pediatric surgery (44%), general surgery (35%), and thoracic surgery (21%). Reasons given for the long training hours in surgery are that, in cases when complications occur in patients whose surgery a resident was involved in, it is important to thoroughly follow up and ascertain the causes of the complication, and to continuously monitor patients in the preoperative period 8) . On the other hand, it was also shown that residents with a lack of sleep have decreased cognition and take longer to perform suture and intubations procedures 14, 15) . It has been reported that resident surgeons make more mistakes when they are working under lack of sleep, and lower the safety of medical care, for instance by taking longer to stop bleeding during laparoscopy 16) . The clinical training programs are needed that give consideration to fatigue and sleeping time for residents in surgery and all other departments.
Medical safety and residents' dozing
In the US, a one-year randomized-control study 17) of residents in intensive care units was conducted to assess the contribution to major medical errors of long working hours and lack of sleep among residents. According to that report, the rate of major medical errors by residents who had no restrictions on on-duty hours and working time was 1.9 times that of residents who had restrictions. The study also reported on the relation between sleeping time and medical errors of residents. The medical error rate of residents who got less than 5 h of sleep was 1. times that of residents who got more than 5 h of sleep 18) . It has been shown that lack of sleep of workers, not only in the medical setting, can result in careless behavior that jeopardizes safety 19) .
We defined dozing as "falling asleep without the intention to sleep," and considered it to be a behavior that includes a risk of leading to medical accidents. The results of our survey showed that 40% of all residents had dozed off at least once while on duty. Some residents reported that they had dozed over the conference and the operation. Since the discreditable act of dozing off was self-reported, a bias may have worked in the recall of these events, and there is a possibility that the actual incidence of dozing off was not accurately portrayed. Even so, the fact that the incidence of dozing among surgery residents, who had the shortest mean sleeping time of all the departments, was the highest at 0.7 times/person-day, and that the same residents slept longer on nights before days they reported not dozing off than on nights before days when they did doze off indicates that dozing by residents is associated with lack of sleep and fatigue.
The ACGME standards for working hours of residents call for the training program head or faculty members to make residents rest when they show signs of lack of sleep, or when their lack of sleep will affect patient care or learning 6) . In Japan as well, instructors should notice not only dozing but also other signs of lack of sleep or fatigue in residents, and tell them to rest.
Issues to ensure sleeping time for residents
The strong negative correlation between sleeping and working hours may be interpreted as indicating that residents get fewer hours of sleep as a result of longer working hours. In the present study working hours were defined as the time that residents were in and restricted to the hospital, but their specific activities during this time were not investigated. In a US report on the way residents use time when they are on duty in internal medicine and pediatrics wards 20) , it was shown that breaks, naps, eating, moving about the hospital, and reading accounted for 44% of their time, while patient examinations and check-up, and preparation and review of patient records accounted for 46% of their time. About half of residents' time on duty was used in actions related to patients, indicating that the basic work of residents consists of tasks such as examining patients that are directly related to their training.
In the present study as well, a strong positive correlation of 0.47 was seen in the coefficient of determination between number of patients under resident care and working hours, and tasks arising in relation to patient care are an important determinant of working hours. Therefore, adjusting the number of patients under resident care is an effective means of reducing working hours and ensuring sleeping time. However, that would also decrease the clinical experience of residents and may invite a decrease in the level of training. There is no currently available scientific evidence indicating what would be an appropriate relationship between the optimum time needed for doctor training and the time required for rest and sleep 6) . From the perspectives of acquiring basic clinical ability and preventing resident fatigue and ensuring the safety of medical care, trial evaluation seems to be the only way to identify appropriate numbers of patients for resident care 21) .
Conclusion
With the aim of investigating the working and sleeping status of residents prior to the introduction of the New Training System for Residents, we conducted a time-budget survey over 4 consecutive weeks of all 102 residents at Shiga University of Medical Science Hospital. The residents' sleeping and working hours differed according to the hospital department to which they belonged, with residents in the surgery department having the shortest sleeping hours (4.4 h) and the longest working hours (18.9 h). Forty percent of residents had dozed off at work during the survey period. The same residents slept longer on nights before days they reported not dozing off than on nights before days when they did doze off. Thus, dozing seems to be associated with lack of sleep and fatigue. Regardless of hospital department, correlations were seen between sleeping hours and working hours, and between working hours and number of patients under a resident's care. Ensuring sufficient sleeping time for residents while maintaining educational standards may require careful selection of and greater efficiency in residents' work tasks, and establishment of a limit to the number of patients under a resident's care.
